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THEomricm AND~AL ANALYSISOFLOW4RAGSUPERSONIC

lKLETSHAYINGA CIRCULARCROSSSECTIONANDA CENTRAL

BODYAT MACHNUMBERSOF 3.30, 2.’i’5,”~2.45

ByAntonioFerriandLouts

SUMMARY

A discussionofinletshavinga circular

M. Nuccf

crosssectionanda central
body,designedforhighWch n~b~rs,hasbeentie. me oPtm PrOPO~ ___
tionbetweenetiernalandinternalsupersoniccompressionhasbeendis-
cussedinrelationto theexternaldrag”smdthemaximunpressurerecovery.
Racticaldesigncriteriahavebeengiven.Testsof inletconfigurations
designedwiththecriteriapreviouslydiscussedhavebeenpresentedfor
Machnumbersof 3.30, 2.75,end2.45.Vsluesofmsximmpressurerecovery
andshaduwgraphsfordifferentcombinationsof centralbodyandcowling
shapessmdfordifferentpositionsof centralbodyrelatlveto cowling

—

havebeengiven.Theresultsofthetestshavebeenanalyzed&cm the
aerodynamicalpointofview. Theresultsshowthatwiththeproper
selectionofgeometricalm aerfixc~ y~ters high~ressure . .—

..—

recoveryandlowbag canbe olkained.Pressurerecoveriesof0.57,
0.67.md 0.78at Machnumbersof 3.30,2.T~,and2.45,respectively,
have-beenobtainedwithverylowetier&lckg. -

h thedesign
psmmetersaretwo1

recoveryobtainablefromtheinletfora givenMachnumberandthedrag
dueto theaerodynamicalphenomenaof theinlet. ---- ...-.-......-.

of
of

lllT!RODUCTION

supersonicinletsforramjetsamdturboJets,
fundamentalimportance:themaximumpressure

8

Therelativeimportsziceofthetwoparameters4ipend#on+the,praC-
ticalapplicationbeingconsidered.Therefore, exactdiscussioq,of
theoptimuminletdesignisnotIossible.Howeve,~inge &;:it f

% Epossibleto showthatthebag dueto thedeceler@.tim’’of-m fro~”~,igh “—
speedsto lowspeedsbecomesmcmeaport=t whenkhefr~=&~~,~~c~ .=
nmiberincreases. ----.-- ..*- :At-”

Usuallyforram-jetburnersandturbojetcompr~s~ors,theflowmst
be deceleratedto speedsof theorderof 0.2to 0.3,thespeed of S-.
Therefore,at lowfree-streammpersonicI$achnumbersof1.4to 2.0,the

‘“-
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msximumcross sectionofthestreamtubeisat theburnerorthecoE
pressor.(Fortheturbojettheactualspeedinfrontofthecompressor
isusuallyhigher,%utthe.totalcrosssection-consideringalsothe

. centralpartofthecompressorcorrespondstoJ@h numbersoftheorder
ofthoseconsidered.)Forthisreason,an externalshockdragalways
existsregardlessofthetypeof inletconsidered.Thus theexternal
shockdragcanbe efficientlyusedforthecom~essionoftheflowwhich
goesintotheinlet.,Ihtherangeof@ch num~~rsbetween1.4and2.0,
it isusuallypossibleto designmy particu&.typeof inletwithout
anylergedifferenceinexternaldrag(reference1). Therefore,the
peramet?rofexternaldragisnotofprimaryimportanceinselectingthe
typeof inlet.However,it isimporjxintthattheaerodynamicdesignof
theinlet%emadecorrectly.Thisconclusiondependsessentiallyonthe
factthat,intheMachnumberrangeconsidered,“agivene~ternaldrag
mustexistandthesupersonicdecelerationofthefluwcsmproduceonly
a smallincreaseinpressurealongtheboundaryofthestreamtubewhich
goesintotheinlet.Therefwe,thecompressitiandsubsequentshock
thatcaube prducedintheflowby theenteringstream@be csmnotbe
tooIexge.Thiscompressionisofthesaneord& as theincreasein
pressureandcorrespondingshocknecessaryat t~elipof’thecowlingto
haveanaerodynamicallygoodshapeforthelmdywhichcontainstheram
jetorturlojet. .,

W thislowerMachnumberrange,supersonic.inletswitha lxrgepart
orallsupersonicexternalcompressionareconsideredverygoodbecause
themsxhmmpressurerecoverywhichcanbe obtainedishigherthanfor
othertypesofinlets;andwithgoodaero@ynamZc@ldesign,theincrease
tinexternalhag dueto externalcompressioncaribereducedorneutralized.

TheincreaseInpressurerecoveryinthisrange-isusefulfortwo
reasons:(1)thethrustperunitmassflowincreases;(2)fora constant:
massflowthesizeoftheburmr decreasesbecausethede?isityinfront
oftheburnerishigher.Whenthesizeofthebimnerdecreases,the
externaldiameteroftheramJetortwbojetdecreases,andthusthe
over--alldragisless. —

As thevalueofthefree+tresmWch numberincreases,theconsidera-
tion oftiasconnectedwiththeinletbecomesmoreimportemt.In3eed,
theexternalshapeofthebodytendsinmanycasestoapproacha cylinder;”
therefore,theminimumnecessaryshockdragproducedby theexternal
shapeofthebodywhichcontainsthersmjetor@rbojet~creases
greatlyandcanapproachzero.However,thetia~whichcanbe produced
by theaerodynamicphenomenadueto theexte-”compressionof theflow
whichenterstheinletincreasesgreatlyas theMachnumberincreases.
Therefore,thedifferencesinexternaldragbetweendiffer=nttypesof
inletscanbe veryLwge. Theincreaseindrag@reducedby a large
externalcompressionisduetothelargeincreasqinpressuread to the
correspondinglylargedeviatl~of.thestreamdirectionat.tl~g111Or _
the cowling.Thedeviationofthestrequrequ@ @ @rge inclination

—

F.

—

. ..—

—

k--
.L.-

A

—
—

—
—

—

.- —.

.—

.L---

.-..



NACAI/MNo.L8~3
-.

3

4

w.

-k
.

.
..

ofthelipofthecowlhgWth reepectto theundisturbedstream;there-
fore,theratiobetweentheminmm crosssectionofthebodywhichCO*
tainstheinletandthecrosssectionofthefre+streamtubemustbe
large.Now,fora conE@ntvelocityinfrontof thelmrneror ccqressor
andconstantcrosssectionoftheImrner& of thecompressor,thefree-
streamtubeincreaseswhenthefree-streanrMachnumberincreases;there-
fore,forWch numbersgreaterthanthosepreviouslyconsidered,the
msximmcrosssectionoftheram Jetorturbojetoccursat theentrance
oftheinletandnotat theburnerorat thecompressor.k thiscase,
an increaseofpressurerecoveryno longerpermitsa decreaseinthesize
ofthebdy thatcontahstheturbojetorram jetlutinsomecases
requiresan increaseofIxXiydiemeter.Inthisremgeof&ch nunibers,
the&ag isa fundamentalpemmeterintheselectionofm inlet.

Znorderto givean ideaofthechangeswhichoccurwhentheWch
nuniberincreases,a comparisonhasteentie betweeninletshavingall
ehernalcompressionandallinternalcompressionforfree-streemMch
numibersequalto I-.6and3.0. For M = 1..6 thepre~surerecoverywhich
cembe expectedforan inletwithinternalcompressionis oftheorder
of0.87 (reference2),whereasforan inletwithalLefiernalcompression
thepressurerecoverycanbe ofthecinderof0.94(reference1). H the
cros~ectionalareasofthefree-streamtubesme assumedas thesreas
ofreferenceands&econsideredequalforbothcases,thenthemsximum
crosssectionoftheburnerfixingtheMachnuniberinfrontoftheburner
at M= 0.3 is1..87thecrosssectionofthefre+etreemtubefarthe
casewithinternalcompressionand1.73thecrosssectionofthefree-
stresntubeforthecasewithexternalcompression.h 8 percentdecrease
inmaxinmmcrosssectionoftheburnerisobtainedfortheinletwith
externalcompression.

E thefrustumofa rightcirculerconehavinga 6° halfangleis
assumedas theexternalshapeofan inletwithinternal.compression
(fig.1),thepressurecoefficientat thelipofthecowlingis P = 0.192
sadbecomesoftheorderof 0.053at somedistancefromthelip. Assuming
M = 1 at theentranceoftheinlet,theinclinationofthelipforthe
inletwithexternalcompressionbecomesoftheorderof14°,and,there-
fore,thepressurecoefficientlecomesP = 0.62. However,along,the
surface.thepressurecoefficientdecreasesveryrapidlyto zeroandthe
&ag ofthetwoinletsis ofthesameorderofmagnitude(reference1).

Assuminga pressurerecoveryof 0.49Sta Mxh numberof 3.0and
fixingtheMachnuniberinfrontoftheburnerat M= 0.30, thecross
sectionoftheburneris 0.981 ofthecrosssectionofthe?ree-stream
tube(fig.2). Therefore,theexternalshapeoftheramjetorturbojet
canbe cylindricalofthesamediameteras thefre~treamtubeendfor
theinletwithallinternalcompressiontheshock&&g cenbe zero. If
thespeedinfrontoftheburneror co~ressordecreasessomewhat,the
meximumcrosssectionoftheram jetorturboJetincreasesbutstillisof
thesameorderofmagnitudem thecrosssectionofthefree--streamtube.
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Whenan inletwithallexternalcompressionis consideredforthe
sameMachnumber,thedeviationofthelipof thecowlingmustbe of the
orderof 33°iftheexternalshockisat.thelipof’thecowling,and,
therefare,thepressurecoellficientat thelipwillbe of.theorder
of P = 1.036. “Thereforeevenifa veryrapid&rpansion~s intrduced
nearthelip,theexternaldragcoefficientwi~ alwaysbe’~erylarge.
Becausea deviationof33°isnecessary at thelip,iti~ay~arentthat
themaxiruumdhneterofthebodywhichcontains”theinlet(fig.2)mst
be luger thanthefree-streamtubediameter.~ ‘ .-

Forhighlkchmxibersoftheorderof3.0,‘acomprondsemustbe made
betweentheincreaseinpressurerecloveryandtheincreasein5rag.

—

Therefore,it isnecessarytodeterminethepr&@re recoveryforinlets
withlowexternaldragin ordertohavetnformitionfortheproperselec-
tionof inlets.

Directedby theseconsiderations,a preli~~y,investigationwas
conductedintheGasDynamicsSectionofIangleyAeronauticalIa%oratory
inordertodeterminetheoptimumpreesurerecoverywhichcouldbe
obtainedforlow+raginletsintherangeofMachnumberbetween3.30-
and2.4s.‘I!MEIdetermination.permitea compsmisonoftheseinletswith
inletsdesignedwimarilywiththecriterionofobtaining-veryhighpres–
sure recovery (references3 and4)withno considerationforreducing
theexternaldrag. Theinletsinvestigatedwerenoseinle”tswith
partiallyexternalandpertial.lyinternalsupersoniccompression,They “-
weredesignedaftera preliminary&?,nalysisoftheconditiourequired
in ordertohavelowexternalhag. Intheseiqlets,compressionthrough -—
a conicalflowis usedto obtainexternalcompression.Differentvalues
of coneangle,

-.
central-bodydiameter,cowlings~pe, smdcentral-bcdy

positionrelativeto thecowlingwereincluded@ thetests.Theresults
providea goodaerodynamicdesignoftheinlet.f,oreverypracticalcase,
becauseimpracticalapplicationsthemaxhmmdiameterofthebodywhicl.
containstheramjetor turbojetisgiven.ljhentheexternaldiameter
ofthebodyandthesizeofthefree-streamtubeoftheenteringflow

—

ereknown,theminimumpossibleexternaldragwhichmustbe incurredcsn
he evaluated.Theproportionbetweeninter= @d externaldiffusion
usedintheinletcanhe determinedwiththecrikertonof“producinga
dragofthessmsorderas the’minimundragfixed.by theratiobetween
diameterofthefree-streamtubeandthemsxhmmidiameterofthebcdy.

sYtmQix : , —-n- —

M Machnumber .. ‘T

P free-streamstaticpressure +.:

P1 locaistaticpressure ..“. -,
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e1=

free-streainQnamicpressure

PI-P
pressurecoefficient—

q

totalpressureoffreestream

totalpressureafterdiffusion

pressurerecovery

msxilmmldiameterof centralbody

—

entranced~smeter ofcowling

centralbodydiameterratio ‘

shockwaveangle

semitoneamgleof centralbody

cowlingpositionpsrameter(anglebetweenaxisofdiffuserand
linejoiningapexof coneto lipof cowling)

cowlingpositionpsrameterforwhichconicalshockwaveattains
lipof cowling

cowlingpositionparameterforwhichtheinternalcontraction
ratiocorrespondsto thevaluegivenby on-imensionaltheory
as themsximumcontractionratioforwhichtheinternaldif—
fuserstartsattheMachtier at theentrsmceofthediffuser

—

AERODYNAMICCRTI!ERIAUSEDINTHEDESIGNOFTEEINLETSTESTED

Inorderto obtainhighyressurerecovery,itisnecessaryto
deceleratetheairfromthefree+treamMachnunibertoa lowsupersonic
speedwithsmallshocklossesandthenpassto subsonicvelocitywitha
shocknear M = 1. Thediffusionofthesupersonicstresmcanoccur
beforethestreamenterstheinlet(externalcompression)orinsidethe
inlet(internalcompression).Theexternalcompressionisproducedhy .-.—

compressionwavesorshockwaveswhicheregeneratedat thecenterofthe
streamandwhichtendto convergeandformonlyoneshockwave. This

—

shockwavecanextendleyondthestreamtubewhichenterstheinlet,
producinga vsrlationofmmpentumintheexternalflow,and,therefore,
an externaldrag. tithe streamtubeenteringthewet, thecqression
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canbeverynearlyisentropic,and,therefwe,theexternalcoqresston
becomesveryefficient.

F,

TheinternalcompressionoccursWthcut:interferencewiththeout-
sideflow,and,therefore,doesnotrequire~ternaldgag. Themaxhum
c-ession whichcanactuallyoccurdepends”onthemaximumpossible
contractionofthestreampermittedly thestartingconditions(refer-
ence2). IiiLetswithinternalcompressiongiveverylowpressure
recoveriesforhighWch numbers.

b orderto oltainhighpressurerecoveryandlowexternaldrag,
it isnecessarytouseexternalcompression..ButitZE4necessaryto
avoidlettingthecompressionwavesprduced,fromtheexternalcompres-
sionefiendtotheflowoutsidetheImlet.Thisconditioncanbe pre-
ventedby lettingallthecompressionwaveswet thetiet at thelip
andthenintroducinga finitevariationinthedirectionofthestream
at thelip(fig.3(a)).b thiscase thecompressionwavesarereflected
insidetheinletenddonotextendto theexternalflow.T!hIsdesign
decreasesoreliminatestheexternaltiag@ permitstheuseofexternal
compression,whichreducesthelimitationofthe startingcondition.
However,themaximumvalueofexternalcmnpressionwhichcanbe employed
isfixedby theconditionofhavingsupersonicflowat-thelipofthe
cowling.

k drderto cl=ifytheexistenceoftl& limitation,considerthe
supersonicdiffusershowninfQure 3(a).me streamIscompressedby
compressionwavesproducedalongthecentralbody OD. Thecompression
wavesmeetat A. However,theinternallipangleofthecuwlingis
psrallelto thedirectionoftheundisturbedflow;ther-efore,thec-
pressionwavessrereflectedinternallyasa ghockwave M framthe
pointA. Iftheflowat A isSuper”sonicino interferencebetweenthe
internalandexternalflowexists,and,therefme,no externalshockdrag
isproducedbY theinternalfluw.

.
.%-
—

.=
“—

d–
...

Becausethereflectionthateliminatesthedeviationofthestream
nmstproducea shockwaveoffinitestrength,thereflectionat A is
onlypossilleifthemaximumdeviationcorrespondingto.theMachnumler.
at A %ehindthecompressionwave

—
DA issomewhatlargerthanthe

deviationwhichmustoccuracrosstheshock--AE.Themaximumpossible
intensityofthereflectedshockat A isdeterminednotonlyby the
conditionat A butalsoby thenecessityof”reflectfonoftheshockAE
at thesurfaceofthecentralbody,pointE (fig.3(a)).Alsothisco-
ditionwhichwillbe discussed’laterrequiresthatthereflectedshockAE
be of smallintensityinorderto obtaingocd:pressurerecovery.If the
lipoftheinletisparallelto thefreestream,themaximumexternal a
compression whichcanbeusedissmald.becausethedeviationacrossthe
reflectedshockat A isequaltothedeviationdueto theexternal
compression.

Q.- -“..——
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Theinternalcompressionafter’theexternalccunpreseionCIOAis
limitedby thestartingconditions;therefore,thetotalcompressionis
farfromtheisentropic.

Tntheschemeanalyzed,theintensityoftheexternalcompression
islimitedly theintensityofthereflectedshockwaveat A; therefore,
theintensityoftheetiernalcompressioncambe sensiblyincreasedi’f
thelipofthecuwlingis slightlyinclinedwithrespectto thefree
stream(fig.3(3)).Zuthiscase,theintensityofthereflectedshock
wave NZ isreduced.Therefore,theMachnuniberat A behindthe -
compressionwaves ODA cembereducedandtheexternalcompression
increased.A shockwave AG istherebyproducedintheexternalflow
whichgeneratesexternalshockdrag. Eecausetheexternalshockdrag
dependsdirect=onthevariationofentropyacrosstheexternalshock
waves,theshockdragcanbe reducedby prciiucinga rapideaaneion
along AH inthezonenear A thatdecreases,the.intensftyofthe
shock AG, thusreducingthedrag.

Theintensityoftheshockwhichcenbeacceptedpracticallyat A
isdependentonertemaldragconsiderations,endcannotbe fixedwith
generalcriteria.Inparticular,thevalueselectedfortheinclination
ofthelipofthecowlingisa functionoftheratiobetweenthecross
sectionofthefree-streamtubeandthe=hnuu diameterof thebody
whichcontainstheram jetortheturbojet.Usuallyinpracticalappli–
cationsforfree-streamMachnunibersofthemder of 3.0themsxinnun
diameterofthebodycontainingtheramjetcmturbojetisslightly
largerthanthemaximumdiameterofthe%odywhichcontd.nEtheinlet,
md, therefore,an etiernalshockdragnuzstexist.h thiscase,this
externaldragcanbeusedinorderto increasetheintensityofthe
externalcompression,and,therefore,thetotalpressurerecoveryanda
shockwaveof someintensitycanhe acceptedat A withoutticreasing
theminimumerternaldragrequiredforthehmiy.

Fixingthelipangleofthecowlingsoasto permitreflectionof
thecompressionwaves,it isnecessarytodesigntheinternalshapeof
theinletsothatinternalsupersonicflowcanoccur.

Thisconditionfixesthe.valueofthemaximumcontractionratio
whichca %e usedfortheinternalcampressfon.Thecontractionratio
whichisa functionoftheMachnumberexistingbehindtheerternal
compressioncanbe obtainedinthefirstapproximationwithone+imensional
criteriagiveninreference2. ‘

h ordertohavesupersonicfluwInsidetheinletindependentof
thestartingconditions,itisnecessarythattheinternalchannelbe
designedwiththecriteriaofpermittingtheexistenceoftheshock AE
(fig.3(3)).NowtheshockAE producedby thelipofthecowlingcan
existifthesha~eofthecentrallodyat E permitsreflectionof the
shock AE. Iftheboundary-layereffectisneglected,thiscondition
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cemberespectedby fixingthelipangleand‘.neshape”ofthebodynear E
insucha mannerthattheMachnuniberandthedirectionoftheflowat E
permitsthereflectionoftheshock.

Eowever,thepresence ofa well-developedboundarylayerat E makes
theproblemmoredifficult.Thereflectionat E cannot%e exactly
detmminedby theoreticalanalysis.WhentheshockAE isstrongand
theloundary~er befae E hasundergonea lage positivepressure
gradient,separationcanoccurbehind”theshockwhich-resultsina reduc-
tionofthegeometricalsectionandchoking~ftheinternaldiffuser.
Forthisreason,especiallywhenthechosenTalueoftheexternalcom-
pressionissmall,oftenitismoreconvenientto obtainallthecompres-
sionacrossa shockwavefromtheapexoftz central.body,ratherthan
acrossgradualcompressionwavesproducedalongthesurfaceOD, since
thecompressionwave”sproducea positivepressuregradientthatincreases
thethicknessofthehundarylayer.Thepossibilityofthereflection
canbe assuredby introducinga localexpansion in frontof thepointof
reflectionE.

Infigure4 thedesignofan inletusingthiscriteriaisshown.
Thefigurealsogivestheflowanalysisobta~edwith.thecharacteristics
theory(reference5). Thecentralbodyoftheinlethasa semitone
angleof25°,andforthedesignMach.number”,of3.301Idleshockgenerated
by theconeisreflectedat thelipofthecQwling.Thelipof the .
cowlinghasan internal.inclhationof4°tithrespectto thefreestream.
The&ch nuniberbehindtheconicalshockis2.3 W thedeviationacross
theconicalshockis17° 51’; therefore,the”reflected.wavecorresponds
toa deviationof13° 51t. Themaxbnumpossibledeviationfora Mach
numberof2.3istheorderof27°. Thedifferencebetweenmaxhnuu “
deviat>onof27°andthedeviationusedat A islargebecausethe
inlet.hasbeendesi~edtohaveinternalsupersonicflowalsoforlarge
anglesofyawforwhichtheassurance.ofreflectionoftheshockfrom
thelipatthesqrfaceofthecentralbodybeccxuesmoracritical.The-
maximuminternaldismeterofthecowlingis1“.052ofthefree-stream
tubediameter.

TheMachnumberIehindthereflectedwaveat thelipis1.76. The
reflectedwavetendstobecomestrongerneartheaxis;therefore,in
ordertopermitreflectionoftheshockfromthecentralbcdyandin
ordertoavoidtoolarge.= internalcontractionratio,an expansionis
intrcihacedalongthecentralbodywhichacceleratestheflowalongthe
surface.A throatofalmostconstantcrosssectionwasaddedinorder
todecreasetheeffectofseparationbehindthestrongshock.

●

Consideringallshocklossesoftheinternalflow,anaveragetheo-
reticalpressurerecoveryof 0.62 waso%taine~forthisconfiguration.
Theexperimentalvalvescanbe expectedtobe:neerthisvalueif%oundary-
layerseparationisavotded.

Theboundarylayerincreasestheactualinternalco~tractionr~tio: “-

1!

—

——

---

—

...

.*.

increasingtheefficiencyoftheinternaleup&rson5.ccompression,but

@R%&&$&
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thelossesdueto thefrictionthatarenotconsideredinthisanalysis
decreasetheefficiencyandtendto producesomeinstabilityintheflow.
b orderto eliminatethisinstability,theshockcannot%e at thethroat
oftheinternaldiffuser,end,therefore,theefficiencyofthesupersonic
compressiondecreases.

Theexternalshockdragforthisinlethasleendeterminedsmalyti–
calJyforthesameMachnuniber.Theetiernalshapeselectedandthe
ex%ernalshockconfigurationandpressuredistributionareshownin
figurek. Theratiobetweenthemaximumexternalcrosssectionandthe
free--streamtubecrosssectionis1.160. Thedragcoefficientreferred
to themxinnmereaofthebodywhichcontainstheinletis 0.0081and
becomes0.0C95if thefree-streamtubeareaisused. Thedragofthe
cowlingissnw.11in comparisonto inletswithlergererternalcompres—
sion.For example,foren inletwithverylargeexternalcompression
(diffuserno.3, reference4),usinga similaranalysisOswatitschfound
fora Machmmiberof2.9an externalWag coefficient.of0.43if the
msximmcrosssectionoftheinletis consideredand0.90ifthemaximmm
fre~treamtubesreais considered.Thisimlethasa veryhigh~essure
recoverybuta-veryh%@ drag,especia~ ifreferredto thefree+tre~
tubearea,becausetheratiobetweenthemea oftheHimum crosssection
ofthebodyto thefree-stresmtubemea is ofthe~der of2.1. This
ratiocannotbe muchsmallersincethedeviationrequiredat the11Pis
verylerge(oftheorderof 350).

Whenthefree+treamMachnumberinfrontof theinletshownin
figure4 isreducedandtheinternalcontractionratfobecomestoolarge,
a strongshocknnzstbe expectedneertheentrenceoftheinlet,as shown
infigure5. Forthiscondition,thepessurerecoverydoesnotdecrease
greatlybecausetheMachnumberbehindtheconicalshockislow,butthe
efier~ dragincreases.However,alsointhiscasetheetiernaldrag
cannotbe verylsrgeifthediameterofthefree-streamtubeof the
cowlingis notmch lessthanthemaxim possiblediemeterofthefree-
streamtubeforthedesignconditionbecausetheetiernalshockdecreases
inintensityveryrapidlydueto theexpansioneroundthecowling.

THEMODELTESTEDANDTHEEXPERIMENTALSYSTEM

b orderto havesomeexperimentalvaluesof~essurerecoverywhich
can’beobtainedwithinletsofthiskinl,modelswithdifferentgeome+
ricalparameterswereconstructedsndtestedinem intermittentflow
jet. Forcomparison,an inletwithverylergeetiernalcompressionhas
alsobeentested.

Thegeneralschemeofthemodeltestedisshowninfigure6. The
- modelstestedhavea centrelbodysupportedby threeequallyspaced
streamlinedstrutsplacedinthesubsonicdiffuser.Thepressurerecovery
hasbeendeterminedby ninetotal+eadtubeswhichpermitteda survey

—
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alongtworadiiinthemsximumcrosssectionofthediffuser.Thestatic
pressurewasalsodeterminedat tworadiiinthemaxiummcrosssection
ofthediffuser.Thelocall&chnumberatthissectioninwhichthe
pressurerecoverywasmeasuredwasoftheorderof O.1~for M = 3.30
and0.2for M= 2.45. Theaveragepressurerecoverywasobtainedly
theequation:

f

r2

Pf 1=- 27rpflocardr
average S

dr.J.

where S istheareaofthemeasuringplane,--rlthe&dius ofthe -
central%*, and r2 theinternalradiusoftheccrwling.Thebackpres-
surewasregulatedduringthetestsbymesnsofa.movableplugwhichwas
placedontheendofthecentralbmly.

Thetest modelwassodesignedthatthesQapeofthecowling,the
shapeofthecentral%ody,andthepositionofthecentralbodywith
respecttothecowling (givenby thecowlingpositionparameter82)
couldbe easilychanged.Thepositionofthecentralbodywasvsri.ed
bymovingthecentralbodyaxially.Testsweretie fixingtheposition
ofthecentralbodybeforethetests(constantgeometrydiffuser)anda
fewtestswerealsomadechangingtheposition,ofthecentralbodyand,
therefore,theinternalcontractionratioduringthetests(variable
geometrydiffuser).Thispertofthetestwasnotextendedbecauseno
gainsinpresmrerecoverywereobtainedby wu@ng thegeometryat a
fixedWch nuniber.

All thecowlingstestedereshowninfigure7. Fom cowlingshayes
wereconsidered.Threecowlingshadinternalandexternallipangles
of 00,20;4°,70; and7°,100;respectively.I@tiauseno etiernaldrag
measurementswereconsideredinthisseriesoftests,onlythelipangles
smdtheinternalcowling shapesweredesignedwithaerodynamiccriteria.
Thefourthcowlingisthecowlingusedintheinletwithlargeexternal
compressionendwastakenfrcmreference4. Theactualshapeofthe
7°,100cowlingtestedandgiveninfigure7 isslightlydifferentfrom
theoriginaldesign.llhisdifference,dueto construction,islocalized
at thelipandis small.Therefcrre,thecowlimgwasnotremade.

Thecentralbodyshapesconsideredareshowninfigywe8. Thetwo
fundamentalparametersconsideredinthedesi~-ofthecentralbodies
werethesemitoneangle ec andthemaximmmdiameterof.thecentral
body DB/DL.Theconeanglefixesthei@ensityoftheexternalcop
pression,andtheratio DB/~ togetherwithwe cowlingposition
parameter92 fixestheinternalcontractionr&tio.Thecentralbody
of themodelwithlargeexzernalcompressiongiveninfigure8(d) was

—
—
--

—

—.

—+
0!

—

_...
“

. .

.—
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-’) derivedalsofromthedatainreference4. me dime~io~ ofthem~el
inreferencek werenotexactlygiven;therefore,testsweremadefor
differentcowlingpositionparameters.

me modelsweretestedat threeWch nunibersof3.30,2.7S,and2.45
at zerosngleofattack.SCM valuesof internalcontractionratioas a
functionofcowlingpositionparameterGZ werecalculatedinorderto
obtainan experimentalcheckontheone+iimensionaltheoryforthe
startingconditionsd we showninfigures9 to Il. Theinternalco~
tractionratiohasbeencalculatedconsideringa sectionperpendicular
to theaveragedirectionofthestreamintbezoneconsidered.h
figures9 to 11,thestartingcontractionratiogivenby one-dhensionsl
theoryhasbeenindicated.Thecorrespotiingvalueofthecowlingposi-
tionparameterhasbeencalled13zC.‘I!becowlingpositionparametereZ*

thatcorrespondstotheconditionatwhichtheconicalshockisat the
lipofthecowlinghasalsobeenindicated.

Themodelstestedhada msximumdiameterofapprox-tely1.83inches,
andthecorrespondingtestReynoldsnumbersreferredto themaximundiene-
terwereabout 3.5 X 106 for M = 3.30 endbetween3 snd 3.7 x 106
forMachnumbersof2.45and2.75. ThisReynoldsnumbercorrespondsto
thatofa lmdyhavinga dismeterof 2.3feetat m altitudeof70,000feet.
Thetest+ection jet dimensionswere 3 X 4“ inches,approx-tel-y.Al-l
testsweremadeinan openjet,usinglow+nunidityairfroma lsrgepres—
surizedtank. Thepressurereadingswererecordedphotographicallyfrom
a pecisionpressure-gagenanometer.Themaximumpossibleerrors of the
measuredvaluessreestimatedtobe oftheorderof 1 percent.

AI!WLYSLSANDDISCUSSIONW TEERJCSTZTS

TheM9ximum

ofthe

Foreverycowlingand

PressureRecoveryas a Function

CowlingPositionParsmeter

cqntral-bodycotiinationconsideredthe
figures12 to 23givethemxcimum~essurerecovbryobtainedfordif–
ferentcowlingpositionparametersforthethreeMachnunhrstested.
b ordertodistinguishtheflowconfigurationsforwhichtheflowat

.

theentrsmceis stillsupersonicfromtheconfigurationsforwhichthe
flowat theentremceis subsonic(fig.5),twodifferentsymbolshave
beenusedinallthefigures.Thecirclesindicatepointscorresponding
to configurationshavingsupersonicflowat theentranceofthediffuser,
whereasthesquaresymbolsindicatepointsforwhichtheflowinfront
oftheinletbecomessubsonic.Thesecondconditioncorrespondsto a
largerexternaldrag. Theexistenceofsupersonicor subsonicflowat
the’entrenceofthediffuserwasdeterminedby an analysisofthe

—

schlierenor shadowgraphstakenduringt~~e

“-

tests.
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h allthefiguresgivingtheyalueoft~emsxi~-pressurerecovery ~“””
asa functionofthecowling-positionparameter62> twospecialvalues
of ’92areindicated.Theyare 62* “andf3~cpreviouslydefined. ‘-

Thetwoparametersareimportantbecauseforvaluesof ‘G1 lessthan 62* –G

theconicalshockisaheadof thelipofthecawling;therefore,an addi-
tivedragexistsbecausethefree-streamtube”~diametercorrespondingto
theinternalflowissmallerthanthediameteroftheintake(reference1).

—.

Thisdragm@ be addedtotheexternal cowliig pressure drag fordetek _....x
miningthetotaldrag.Forvaluesof 62 equalto orlargerthen 07*
forpointsindicatedby thecircleSW%OIStheinternal--flowdoesnot
Interferewiththeexternalflow,end,therefore,thetotaltiagisequal . “.
tothedragalongtheexternalsurfaceofthecowlingandissmall..

Thevalueof 131fiIndicatesthepositigqforwhi~the starting

conditionsoftheint&al diffusergivenby t~eon=fmensionaltheory
me obtained.Therefore,forvaluesof 19zlargerthen OZc and

—

smallerthan 192*allexternalsupersm.icctipression(squsresymbols)
ispredictedby theone-dimensionaltheory. ‘ .. .—

Thevalueof Qzc hasbeendeterminedbyusingthgaverageMach f
—

nuniber%etweenthelipofthecowlingandat thesurfaceofthecone,
and,therefore,losesslgnfficence.whentheshockis insidethelip. Zn

7
*-”

a fewconfigurationsexpamsicmwavesareprodticedinfrontoftheentr~ce ..
oftheinletby thecentralbody. b the-determinationofthevalue
of Q2C theexpemsionwavesforthesefewcams havenotbeenconsidered.

Forallthetestsifthemassflowisdecreasedso&whatbelowthe
.-

maximumpossiblevalueby throttlingintherebrofthediffuser,am
unstableconditionisattainedandstrongvibrationsare.foundinthe
flow. Thesetypesofvibrationsexistinalltypesofmodelstested

.-

whenthefluwischokedintherearof%hediffuserandhavealsobeen
—

foundpreviouslybyreferences3 and4.. —

Thevibrationregimecorrespond:to-afluctuation@ thefrontal
—

shockanda variationofthe“internalmassflow. Thesevibrationsdo .
notexistwhentheflowattheentranceofthe.diffuser“issubsonicfor
startingreasonsandthemassflowisthemaxm Possible,,butaPPe.W’_

—

alsointhiscasewhenthemassflowisdecreasedby a largeamount. —
SomevariationofReynoldsnumbersdoesnotaffectthephenomenonof . “. .:
vibration.

Figure12gives”thevaluesofthemextipressurerecoyeryasa
.*:-

DB
functionof Oz for — = 0.733,0.834,and0;867for“6C= 200.

DB %. .--~.
For — = 0.733 (fig:12(a))theinter@ coabactionr=t.io ‘“‘“:“<“

DL
is small,and,therefore,internalsupersonic:+oycsnexist.farall –- ~~–. ~
M3chnumbers.

.-’”’” - ‘“-”””-;

Therefore,thee s‘small,andtkie additi-re‘:
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dragis zerofor 82 equal
Machnumbers.me v~ue of

appradmately33° or lsmgerforallthetest
thepressurerecoveryislow. Ifthediameter. . ..

ofthecentralbodyincreases(figs.I-2(b)and12(cJ)thepressure
recoveryincreasesuntilthetiternalcontractionratiobecomsstoo
lsrgesndsupersoniccompressionisti outside.

Themaximummressurerecoveryobtainedforthe20°coneani
4°,70 cowlingisbout 0.71for
for M = 3.30.

. Figure13givesthemaximum
DB

andthe7°,100cmla for ~ =

M=2.45; 0.63for M= 2.75; snd 0.54

pressurerecoveryobtainedfor f3c= 20°

0.~9, 0.817,emd0.850.Theresults
.,

ere similar tothoseobtainedforthe4°,70 cowling.Themaximumpres-

surerecovmyobtainedfor M = 3.30 for %—= 0.850 iS 0.54 (fig.13(c)).
DT-u

‘I!heinternalflowissupersonicfora ccmtractionratioslightlyhigher
thanthemexhumcontractionratioconsideredby one-d~nsionaltheory.

Figure14 givesscmeresults for 6C= 22° andthe0°,20C~l@
DB

for — = 0.733 and 0.767 for M= 2.k5.
%

Thecompressionoccursoutside

oftheinlet.Thecontractionratiooftheconfigurationtestedis
largerthanthecontractionallowedby thestertin&conditionssothat
thediffusersdonotstart.

Figure15givesthemsxi.ununpressurerecoveryas a functionofthe
cowlingpositionpsmmeterfor ~c= 22° endthe4°,70 cowlingfor
% 0.733,0.767,0.800,0.8~, ad 0.867. TheflowattheHP iS
~= DB
supersonicfor — = 0.733 sad 0.767 (figs.15(a) =d 15(b)) fm the

%
rangeofallMach-numibers,ad maximumpressurerecoveryvaluesof 0.77,
O.~, and0.42ereobtainedfor&ch numbersof 2.45,2.75,snd3.30,
respectively,withverylawexternaldr~ inallthersmgetested.If
thediameterofthecentralbodyincreases,themeximumpressurerecovery
forhtgherMachnunibersincreases,butther-e of~ch tiers f~

~B
whichtheflowat thelipissupersonicdecreases.Fcm — = 0.80 pres–

D.

sure recovery valuesof 0.67 smd0.49 ereobtainedforMac;numbers
~B

of2.75and3.3o,respectively(fig.15(c))Swhere-for — = O-834
%

(fig.15(d)),thewessurerecoveryfor M = 3.30 is0~56* ~ the~ss
flowisdecreased(oftheorderof8 percent),a strongshockoccursin
frontofthelipofthediffuserandthepressurerecoverydecreases
slightly.Thevaluesofpressurerecoverycorr%pondingto a decreased
massfloweregiveninfigure15(d) (M = squsresymbols).
~creasingthe&imter does~.m O&ess~e recovery(fig.~5(e)).

.—
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Five 16gtvesthevaluesofthe~ pressure,recoveryfor
Qc= 22 andthe70,10°cowlingfarce@ral+&ly-diemeterpemmeters , E

~ DB
of 0.719, 0.752, 0.784, 0.817, and0.850. F@’ — = 0.719, 0.752,DL —.
and0.784(figs.~6(a)to16(c))theflowinfrontoftheinletcambe

DB
supersmicforalltherangeofMachnudersconsidered.““For — = 0.784

—.

Dz
for“supersonicflowattheentrance,

—
maximum~esmre recovery values

of 0.75,0.67, and0.45areobtainedforthe~~ee Wch numbers(fig.16(c));
DB

whereasfor — = 0.850 (fig.16(e)),a maxfm&-pressurerecoveryof 0.57
—

DL —
i.s obtainedfor M = 3.30. !I!hepressurerecoveryfor M= 2.45 for
DB DB ..
— = 0.850 iSlessthanh — = 0.752. Theflowinfrontoftheinlet ..- _
DL DL ....-----

~B
issubsonicinbothcases,but for —= 0.850” Qz

DL
iS farfrom ez* sad, -.

therefore,someexpemsionwavesareproducedby thecentralbodyinfront
—

ofthelip.

Fi~es 16(a),16(b),16(d),and16(e)alsogivesw valuesof –
pressurerecoveryforreducedmassflow. Thecorrespondingdecreaseof

DB
rmwsflowisoftheorderof9 percent.For — =~L

0.752_andM =:2.45

(fig.16(b)) the msximumpremwrerecoveryis@btainedwhenthemass
flowisreducedandtheshockisoutside.‘I%isendsimilardataobtained
inallthetestsshowthatthelossesduetoboundarylayerandthe
necessityof internalflowstabilityareveryimportantf’mmthepoint
ofviewofpressurerecovery.Practicably,itisnotpossibleby
Increasingthebackpressureto puttheDormalshocknearthethroat,
%utitisnecesssrytohavesupersonicflowinsconeextentatthedive-
gentdiffuser.Testshavebeennadewithoutv’@ryingthebackpressure
aftertheinternaldiffuserhasstartedforinletshavinghighinternal
contractionratioa.Themaximnmpressurerecoverythatcanbe obtained
inthisconditionfora Machnumberof3:.3iso- slight@less(ofthe
orderof2 or3 percent)thanthe.mxx thatxanprqcticqllybe obtained
by increasingthebackpresmtreafterthediffuserhasstarted,while
thetheoreticalgainisoftheorderof10percentorlarger.Thedata
showninfigures16(a),16(b),and16(e)confiriutheseresults.

Figure17givestheresultsfor Qc= 25°:and0°,20.cawlingfor
DB

- 0.733, 0.767., and 0.800.
~-

Theflowis sulu&icinfrontofthedif-

,— b

—-.
!4

.—
——

--

fuserinalltherangeofWch numbersandcowlingpositionpemmeters
testedbecausethedeviationacrosstheshockiSverylarge (8= 18°
for M = 3.3) and thereflectionoftheshockfromthelipatthesur-
faceofthecentralbodyf~notpossible. 4:

..

.-
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F’igure18gives theresultsfcm ec= 25° W 4°,70COWlingfor
DB DB

0.733, 0.767, 0.800, 0.834, 0.847, and 0.867. For — = o.733
~= %!
and M= 2.45 theflowissupersonicintheregionof ez= ez*. For
largervaluesof DB/~ theflowissup~rsod.cori&forvaluesof Qz
veryfarfrom 8Z*. ‘I!hemaximumpressurerecoveryinthesecasesis 0.76
(figs.18(a)and18(b)), whereasforsubsonic entranceflowa valueof 0.80
wasobtained(figs.18(c)and18(d)).

For M= 2.75 themeximumpressurerecoveryof 0.67 occurswith
DB

substicflowinfrontoftheinletfor — = 0.867 (fig.18(f)),whereas
DL

forsupersonic

is0.6k.For

determined.

flowatthe

%—= 0.847
%

D=
entrancefor — . 0.800thepressurerecovery

DL

thesuperoritioalconditionhasnotbeen

Theresultsof 9C = 25° andthe7’0,10°cuwlingaregivenIn
DB -

figure19 for —. o.719, 0.752,0.78k,0.817, 0.830, s+a 0.850. For
DL

M = 2.k5 and.%— = 0.719a pressurerecoveryof 0.78hasbeeno%tained
%

forsupersonicflowattheentrance.Thecorrespondingml.uesfti
M= 2.75and3.30 are0.60end0.42,respectively.Ata Machnuniber

DB
of2.75andfor — = 0.752and0.784(figs.19(b)and19(c))thepres-

DL ●

surerecoveryislsrgerforsubsonicflowinfrontofthefnletthemfor
DB

supersonicfluwinfrontoftheinlet.For — = 0.817 themsximumDL
pressurerecoveryat M = 3.30 is 0.53. Whenthemassflowisdecreased,
theshockJumpsoutsideandtherecoverydropsto 0.51.As waspreviously
explained,forallcasesinwhichreducedmassflowdata-e given,the
reductionofmassflowmustbe smallendoftheorderof10percent.
Forlargervariationsof
found.

Figure20givesthe
DB

for M= 2.45 for — =
DL

infrontoftheinletis
thestsrtingcontraction

massflow,unsteadyflowconditionshavebeen

resultsfor ec = 300 and the0°,20cowling

o.767a& 0.800.Fa theseconditionstheflow

subsonic.Thecontractionratioisgreaterthan
ratio.

Thevaluesofpressurerecoveryfor 13c
DB

for —= 0.733, 0.767, and
UL

= 30° and the4°,70 cowling
in f@ure 21. ForMschrnuibers
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of 2.45and2.75thereflectionoftheshockinsidetheinletcsmnot
occurand,therefare,theflowinfrontofthe,.inletissu%sonic.The i
reflectioncanoccurfar M = 3.30.ThemaximizmpressurOrecovery
o%tainedfor M = 2.45 is 0.82 and them.xfmmrecomryfor M= 3.30
iS 0.46 (fig.=(C)).

,-

Theresultsobtainedfor ~c= 30° andthe7°,100cowlingare

giveninfQure 22fw %— = 0.719,0.752,andO.784. I@causeofthe
%

smallerintensityofthereflectedshockat thelipofthecowli
T

the
inletcanhaveinternalsupersonicflowfor M = 2.75 (fig.22(b~.
At thisMachnuniberthe~essure’recoveryishigherwithsubsonicflow
attheentrsmce. —

Figure23showsthemaximumpressurerecoveryasa functionofthe
cowlingpositiauparameterfm theinletwithlergeexternalcompression.
Theinletneverhas-internalsupersonicflow. Themsximumpressure
recoveriesobtainedaxeO.~, 0.72,.and0.9 fc?rM = 2.45,2.75,and3.30,

=

respectively.
-—

Theanalpisofallthecurvesshowsthatfor ez larger than ezc A
andsmallerthan 62* usuallytheflowinfrontoftheWet becomes
subsonic b agreementwithonedimenslonaltheory.(Seefigs.12(b), -
12(c)13(%),13(c),15(b)to 15(e),16(c)to16(e),18(b) to 18(d), *
andl~(f).)Onlyina fewcaseshasa liigher@ntractlonratiothan

7
Ivenby.one+imensionalthearybeenfound.SeePforexample,figures12(b)
M= 2.75),13(c) (M= 3.30),15(c) (M= %75), 15(d) (M= 2.75),
and15(e) (M= 3.30).Thedifferencesareverysmallandcanbe Justi-
fiedby theinaccuracyofdeterminingthestream-tubeareasandtheMach
nuniberinfrontoftheentrance.Forexample,theincreaseinMach
nuniberduetotheexpansionwavesfromthecentrhlbodyhasnotbeen
considered.Forsomeconfigurations,subsonicflowinfrontofthe
entrance has beenfoundwhenthecontractionratiois less than the
startingcontracticmratio.Tnthesecases,sulmonic flowisdueto
thetipossi%ilityofreflectingtheconicalfie+datthelipofthe
cowlingorat thesurfaceofth centr~.bmiy,aswqspreviouslydis-
cussed.Forex~le, for 19c= 25° amdthe0°,20cowling(figs.17(a)
to17(c))forMachnumbersof2.45,2.75,
theshockisnotpossible.

.
Anotherexampleisgivenbythedata

ste!rtsat M= 2.45,2.75,and3.30 for

whilesubsonicfluw’occursinthezoneof

and0.850. Fortheselargediametersthe

&nd 3j30, thereflectionof

infigjme19. _l’@dlff@er.. –
~ =‘0,7~~,0,752,~ 0.78~
‘L

-m

eZc :for~ =;0.817()~30’
%

so >

diffuserstartsforlower “+

.
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valuesof 07. Thisphenomenacan%e explainedby thefol.lowingc-
sideration. Forlargervaluesof DB/~ the&ch nurilerandthe&re&
tionofthestreaminfrontoftheinletme closerto theconditions
onthesurfaceofthecone.Therefore,thereflecti.onbecomesmore
difficult.However,whenthevalueof 82 issmall,expansionwaves
areproducedhy thecentralbodyinfrontoftheinlet,therebyincreasing
thepossibilityofreflection.Thepessurerecoveryobtainedwhenthe
fluwinfrontofthelipissubsonicis insomecaseslargerthanthe
maxhmmgiventheoreticallyby compressionacrosstheconicalshookand ~
a normalshockinfrontofthecowling.Thisresyltseemsstrange
becausealsothesubsonicdiffuserproducessomelosses.-Theshad~-
graphsofthephenomenadfscussedlatergivem explanationofthe
results,Thecompressioninfrontoftheinletoccursacrossa
lanibdashockproducedby theboundarylayeratthesurfaceofthecone.
Therefore,theshocklossesforthecompressioninfrontoftheinlet
me muchsmallerthamacrossa singlenormalshock.Fcmsupersonicflow
infrontoftheinletthemaximumpressurerecoveryincreaseswhen
67 increasesbecausetheinternalcontractionratioincreases.When “
.97islsrgerthem 01*, theconicalshockenterstheinletande~
aim wavesareprcducedlocallyatthelipofthecovl&g;therefore
theincreaseof 87 producesen increaseofMachnuniberinfrontof
theinlettogetherwithan increasein contractionratio.Thetwo
variationshaveoppositeeffectsonpressurerecovery.Thereforeby
increasing82 beyonde2*, an increasem decreaseinpressureiecoverj
cm be found.Fcmsubsonicflawinfrontoftheinletwhen ez increases,
thepressurerecomrytendstodecreasebecausethestrongshockmoves
inthed.trectionoftheapexofthecone.

A fewvariablegeametrytestshavebeenmadeby movingtheposition
ofthecentralbodyafterthesupersonicflowintotheinlethadbeen
established.Themotionofthecentralbodypermitteda variationof
theinternalcontractionratiobecausethediameteroftheentering
streamtube,d therefore,theinternalcontractionratio,chsnged.
Testswereperformedforconesnglesof 20°,22°,and25°forthe4°,70
and7,10° cowlingsatMch nunibersof 2.45 and 3.30fordifferent
centralbcdyd,iem.eters.No differenceinthevalueofthemaximumpres–
surerecoveryhasbeenfound.Theimpossibilityof obtaininghigher
pressurerecoverywiththisschemec-be attributedto thedisturbances
inthesubsonicregion,whichfixesthevalueofthe~acticalminimum
Machnuniberinthedivergentregionofthediffuserin ordertohave
stableconditions.

However,thepossibilityofa smallregulationofthepositionof
thecentralbodyc-be veryimportantIn~acticalapplicationsfor
tworeasons.Themotionofthecentralbodypermitsthechsmgingofthe
internalcontractionratio,and,therefore,permitstheuseofthebest

—

possibleconfigurationat everyMachmuiber.Thebestconfigurationcan
be theconfigurationoftinimmdragorhighestNessurerecovery.For
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example,in figure~6(e)theoptimum@z for ~M = 3.30 isabout31°, ● F
whereasfor M = 2.k5and2.75 theoptimum131is29.5°. .—

For’sgivenMachnunibera movementofthe:centralb&y petitsa
.

~
regulationofthedimensionoftheinternalstreamtubedismeterad thus
permitssupersonicflowat theentrancealsoforreducedmassflow. For
example,fromfigure19(f)by chemging.%2 frbm33.4°to 31.5°,a
lu~ercentreducttoninmss flowcanbe obtainedwithinternalsu~er-
r30nIcflow. Themotionofthecentralbcdywouldhe 0.015,
ofthecowling.Sucha regulationofmassflowcanbe very
ordertomeetthedesiredflightrequirements.SO.UISofthe
tionshavebeentestedat smallsinglesofattack(1°anL2°J
changeshavebeenfoundinthevaluesofpreasvrerecovery.

TheFiffectoft+eConeAngleX’@&meteron~he

MaximumPressureRecovery@tatned

thedi&ueter ——
usefulin
configura—
andno

Thefigures12 to22givethemaximumpre~surerecoyeryobtained
fortheMachnumbersconsideredforeverycentralbodydiametersad
cowlingtested.Themaximumvaluesobtainedforgivenvaluesof ‘B/QL>
Machnumber,andcowlinghavebeenplottedInfigures24.to26as a ‘
functionoftheconesemiangle.EverypointOrithecurvescorresponds
toa differentcuwlin&positionparameterwhosevaluescanbe determined
fromfigures12 to22.

Figure24givesthevalueofthehighestpressurerecoveryobtained
as a functionoftheconesemianglefora Machxnmiberof3.30forthe

Ame.ximumpressurerecoveryof 0.56 hasbeen4°,70and~,lO” COWliIl@. _
u~

obtainedfor f3c= 22° and — = 0.834fort&e4°,~ cowling.Forthis
DL ..

conditionL925.slargerthan 62*; therefore,”theexternaldragislow.
If thevalueof DB/DL decreases,themaximum~nternalc_&traction
decreasesand,therefore,thevalueofthemsximum~essurerecovery
fora givenconeangledecreases.Themsxinuunvalueofpressurerecovery
forlowvalues of DB/DL increasesastheconeangleincreases.This
variationislogicalbecauseas thevalueof 13cincreasestheWch
numberat theinletdecreasesandthecontractionratiorequiredin
ordertoobtainhighrecoverydecreases.Thehighestpressurerecovery
isobtainedfora semitoneangleofabout22°.-:Thecorrespmding
internalcontraction ratioisthemaximzmvalueof contractionratio
permittedby thestartingconditions(fig.10).

Iftheinclinationofthecowlinglipanglesie increased,the
shapesofthecurvesdonotchange.

-..- ——

—

_&.
—
.

—

..

4
—

..
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Thecorrespondingvaluesofhighestpressurerecoveryobtainedas
a functionofthesemitoneanglefora Machnuniberof 2.75forthe
4°,70emd7°,100cowlingsareshowninfigures25(a)and25(b)forsuper- -
sonicentranceflow. Forsomeconditionsthehighest~essurerecovery
obtainedhasbeenobtatiedforsulsonicentranceflow. Thereforetwo
diagramshavebeenplottedfw eachcowling(figs.25(c)and25(dj). -——

Figure25(a)givesthehighest~essurerecoveryobtainedforsupe~
sonicentranceflowforthe4°,70cowling.Thehighestpressurerecovery
obtatiediS0.67. Thevalueoccursfor ec=22° at em internalCO*
tractionrationeerthe~ ~ossibleforthestartingconditions.
FQure 25(b)givesshilsrresultsforthe7°,100cowling.

Figure25(c)givesthevaluesofhighestpressurerecoveryobtained
as a functionoftheconesemian@eforthe4°,70cowlingwithsubsonic
entranceflow. Thehighest~essurerecoveryobtain~is0.68for
ec= 2X end300.

Thehighestpressurerecoveryobtainedforsubsmicflowseemsto
occurforlargevaluesof seticoneanglebecauseno internalsupersonic
compressionisused.

Figure25(d)showsresultssimilartofigure25(c)fprthe
70,100 Ccnmng. Thehighestpressurerecoveryobtainedisoftheorder
of o.6g.

Figures26(a)and26(b)givethehighestvaluesof pressurerecovery
obtainedat M = 2.45 as a functionoftheconesemianglefordifferent
bodydiemeterparametersforthe4°,70and7°,100cowlingsemil.super-
sonic entrsnceflow. Themaximumpressurerecoveryobtainedforthe
4°,70cowlingis 0.77for 19c= 23°to 24°. Farthe7°,100cowlingthe -
nmximumpressurerecoveryis obtainedfor Gc = 25°.

-.
For ec = 300

supersonicflowat theentranceisnotpossible.Probablyslightly
highervaluesofpressurerecoverycouldbeobtainedfor ec= 26° to 27°.
Themaximum~essurerecoveryobtainedisabout0.78.

Figures26(c) &d 26(d) givethehighestpressurerecoveryobtained
withsubsonicflowat theentrance.A pressurerecoveryof 0.82has
beenobtain@for f3c= 30° ad the4°,70cowllngand0.80for ec =25°
forthe4°,70and7’0,10°cuwlings.Theresultsshowthattheoptinum

—

coneangle-decreases-slightlywhentheMach
rangeofMachnumbersconsidered,is inthe
sonicentranceflow.

numberincr-eases,endinthe
remgeof22°to 25° forsu~e~. .—
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TheE@jhestPressureRecoveryObtain”*asa l?unction .

oftheCentral-I@dy-Dhmeter~arameter
.

Thefigures12.to22havebeencross-plottedandthehighestvalue
ofthepressurerecoveryobtainedforeverysemitoneangleandcowling
conibinationhasbeenplottedasa functionofthecentral-body-diameter
psrameterfora givenMachnumbertested(figs,27to 32)X Tnorderto
havean ideaofthevalueofthepressurerecoveryforMachnumbersdif–
ferentfromtheMachntuiberconsidered+”tpem@mum ~essurerecovery
obtainedforthesame‘coneangle,cowling,anicowlingpositionparameter
atMachnumbersotherthantheWch m.uiberconsideredhavealsobeen
plotted.!lherefcwe,everyfiguregivesthehighestpossiblepressure
recoveryobtainedasa functionofthecentral+ody-diameterpsrameter
fortheMachtier consideredandthemaxhmmpressurerecoveryo%tained
forthesameconfiguration(sameez cm constantgeometry)fortheother
lkchnumbers.Thesevaluesarenotthehighestpossille-valuesforthe

.—

central-body+llameterpmameterconsidered.

Thepointsindicatedinthefiguresarenotnecessarilyexperimental
points.Huwever,thesquaread circlesymbolsarestillusedin order
todistinguishtheconditionsforwhich,theflowissupersonicat the
entrenceofthediffuser(circlesymbols)frcmtheconditionsforwhich
theflowat theentranceissubsonic(squaresymbols).

.-

IiIthefiguresthecentral-bod@iam&erparameterforwhichthe
conicalshockisat thelipofthecuwllngisalsoshuwn (9z= ez*).

-.

Forvaluesofthecentral+mdyparameterequal to or less than this
value, theconicalshockisWide thecowlingand,therefore,the
externaldragissmallandtheinternalmassflowisthenwximumpossible
becausethefree+streamtu%ethatentersthecowlingisequaltothe
crosssectionoftheentranceoftheinlet.When DB/DL islergerthan
thevalue correspondingtothecondition@z*=“82, theconicalshock
Isinfrontofthelipand,therefore,theexternaldragislarger
becauseamadditivedragexists(referencel),@d themassflowisless
thanthemsximumpossiblefortheentrancecrosssection.considered.
Theenteringmassflowforthesupersonicentranceconditionscanhe
easilydetefinedfmm theanalysisof conicalflow. ;

Figure27givesthehighestpressurerecoyqryobtained,ata Mach
nutberof 3.30as a functionofthecentral-body-diameterparameterfor
the4°,70cowlingandsemitonesinglesof20°,2?0,25°,and30°. The ,
maximumvalueofpressurerecoveryfor M = 3.30 andthe20°or22°cones
Is obtainederpund

DB—. O.W farwhich.13~= 62*. Themaximumvalue
% — +.

Pf
ofpressurerecovery obtainedisfor 6JC= 22°-forwhich— = 0.56.

Po
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Whenthevalue of D@L decreases the wesstie recovery decreases, 3u~
supersonicflowcam%e establishedinthediffuseralsoforlowerMach
nunibers.

Figure28 givesstmilsx
cowlingthemaxhumpessure
DB

0.84.
~=

resultsforthe7°,100cowling.Forthis
recoveryalsooccursaroundvaluesof

Figure2ggivesthehighestpressure
ofthecentral-body+lismeterparameterat
4°,70cowlingandfor 6C = 20°,22°,and

recoveryobtainedasa function
a &ch numberof2.75forthe
25°,reapectively.For

DB—%0.80 sad ec=
%

22° a pressurerecoveryof 0.67 isobtained

togetherwithlowexternaldrag. At a Machnuuberof 3.30forthesame
configurationtheWesmrrerecoveryfS0.50(fig.=(~)). ,=

Similarresultsat a Machnuniberof2.75forthe70,10°cowlingare
giveninfigure30. At a Mach-nuniberof2.75and ec= 22°, a pressure

%recoveryof0.68is obtainedfcm —. 0.80 sndat aMachnuniberor 3.30
%

thepressurerecoveryforthesameconfigurationbecczues0.50.

A similaranalysishasbeenmadefora Wch nuniberof2.45.
Figure31givesthehighestPeseurerecoveryobtainedas a functionof
thecentral-bcd.y-diameterparameterforthe4°,70cowl~Bandsemitone
anglesof20°,22°,25°,- 30°. For 6C= 22° and —= 0.7’7,the

%
pressurerecoveryfm M“=2.45 isO.~ andthecorrespondingrecoveries
at M = 2.75and3.30 are0.65and0.47,respectively,withvery+xr

DB
externaldrag.Withsulscmicflowinfrontoftheinletfor — x 0.800,

%
pressurerecoveriesof0.80and0.82havebeenobtainedwithsemitone
‘&n@esof25°and30°,respectively.

Figure32givessimilarresultsoftheP,lOO cowling
anglesof20°,25°,and30°at a Machnumiberof2.45.At

endsupersonicentranceflow.rreseurerecoveriesof 0.77,
haveb~enobtainedforMach

TheMsx5mumPressure

A typicalvarfationof

&era of2.45,2.75,

Recoveryas a Function

~essurerecoveryasa

—

farsemitone
q%080
DL “
0167, and 0.51 . -

emd3.30,respectively.

ofMachI’huiber

functionofMch
nunberfora constantgeometryinletisshowninfigure33. Thet~ical

DB
configurationQasa semitoneamgle& 22°,the4°,70cowling,— = 0.834,. DL
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and ez = 32.2°. Part ofthecurvecorrespo@qto subsonicfluwinfront F
oftheinletandIX@ ofthecurvecorrespotisto super~onicflowin
frontoftheinlet.

Thehighestvaluesofpressurerecoveryobtainedfromallthecon-
.

figurationstestedareshowninfigurb~. Forcomysris’onthepressure
recoveryfortheinletwithallinternalcacu~”ession.isalsoshown.The
informationfortheinletwithallinte~ c~mpression.hasbeentaken
fromreference2. —

Figure35givestheoptimumvalues ofkineticener~recoveredby
alltheconfigurationstestedandthediffuser.fromreference2. The
valueshavebeencalculatedbyusingtheinfo~tioninfigure34and
theexpression(reference2):

.—
.. -_

OpticalObservationsoftheFlowPhenon@naaboutthehlets *.
-1

Theshadowgraphstakenforeverytestpointgivea ~ther indica-
tionoftheflowphenomenaaboutan inlet.Thusa comparativeanalysis .

oftheexternal&ag ofthedifferent
figures36to ~ someshadowgraphsof
shown.

Figure36givestheshadowgraphs
DB

and —= 0.817 fordifferentvalues
DL

pressurerecoveryfor M = 3.30.The
thesupersonicflowconfigurationat
showsthesubsonicflowconfiguration
(fig.19(d)).Thedifferences.inthe

configurationscanbemade. In
thecont&urationstestedare —

,-

for ec s 25°, the 70,10°COWl@.,
of et attheconditionofmaximum —

shadowgraphinfigure36(a)shows
ez = 3~0, whereasfigure36(b)
(reducedmassfluw)forthesame Elz
curvatureoftheexternalshocks

intheexternalflowshowsthatthedragislargefor.subsonicentrance
flowconditions.When 19zlecomes34.1°theconicalshockentersthe
cowling-andtheexternal’dragbecomesverysmali.Figur&36(d)corre- ‘
spendstoa 13zof35.4°withtheconicalshoc”kstillfartherinthe ..’

inlet.F@ures36(e)emd36(f)correspondtoM ez of 35.9°.Eoth —
photographsherea strongshockin frontofthe,lip. Figure36(d)corr-.. F-

spendstothemximumpossiblemassflowintheinlet,whereasfigure36(e)
correspondstoa slightlyreducedmassflow,beforetheflowvibrations
start. WhenthenmssflowisreducedtheStrongshockincreasesin
intensity(fig.36(f)).Figures36(g~@ 36(h)showsimilarresults

<

for 19Z=36.6°. Theshadowgraph(f@. 36(g)).corresyotxls..tothemaxi~
massflowandfigure36(h)toa reducedmassflow. The $hadowgr~phsin __ . “~

h

.
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#

figures36(b),36(f),36(g), and 36(h)showtheexistenceofthelambda
shockatthesurfaceofthecone.

Figure37showstheshadowgraphsata Machnuniberof2.75for ec . 20°,

the70,10°cowlingand %— = 0.817fordifferentvaluesof @z at the ‘“ .
%

conditionofmsxhumpressurerecovery.The’testsweremadeatal” angle
ofattack.Thecorrespondingvaluesofpressurerecoveryas a function
ofthecowlingplositionpersmeterme giveninfigure13(%).Figures37&)
to 37(e)corres~ondto cowli~positionparametersof27.2°,27.9°,28.4,
28.9°,smd29.4, respective~.Foralltheseconditionstheflowat the
entrsmceisswpersmic.Figure37(f)correspondstoa ez of29.9°for
whichsubsonicflowexistsinfrontoftheinlet.Thestrongcompression
infrontoftheinletproducesa sepsr”ationat’thesurfaceofthecentral
%odyand,therefae,theshockneerthesurfaceappesrsas a Uurbdashock.
Theseparationisvisfbleinthephotograph.

Figure38showstheshadowgraphsat a Machnumiberof2.45for ec . 22°,
DB

the7°,100cowling,and — = 0.752fordifferentvaluesof el andat
%

an sngleofattackof2°. Thecorrespondingvaluesofpressurerecovery”
aregiveninfigure16(b)forzeroengleofattack.Tara 2°-e of
attackthevaluesdonotchange.Figure38(%) correspondsto 13z. 35.7°
andsupersonicflowattheentrance,whereasfigure38(c)correspondsto
thesame f3Zbutwitha reducedmassfluw. Thephotographshowsthat
whentheflowintotheinletis subsonic,theflowphenomenais strongly
dissymmetricalwithrespecttotheaxisoftheinlet.Thfslargedis-
symmetryoftheflowphenomenaalwsysoccursforsubsonicentranceflow
whena smallgeometricaldissymmetryexists.Thisdiscontinuityproduces
a variationofexternalaerodynsmicalpropertiesofthebodyandthe
variationsoccurdiscontinuouslywhenthestrongshock”jumpsinfront
oftheinlet.h ordertoavoiddiscontinuitiesoftheinternaland
externalaerodynamiccharacteristicsoftheinlet,theinletmustbe
designedinsucha mannerthatsupersonicinternalflowcanbe maintained ,
overalltherangeofgossibleanglesofattack Figure38(d)corre-.
spendsto a ez= 34.4 andtipersonicflowattheentrance,whereas —

figures38(e)end38(f)correspondtoa ez of 35.1°withsupersonic
amdsubsonicflowa%theentrance,respectively.!T!hepregsurereco~ery
fortheconditionofsubsonicflowattheentremceshowninfigure38(f)
islargerthanfortheconditionshowninfigure38(e);however,as can
be seenby theshockconfiguration,theexternaldragislsrgerfor.the
conditionofsubsonicflow. h figure38(f)thelambdashockandthe
separationoftheflawfromtheuppersurfacecambe seen.

Figures~(a) to 39(d)presentsomeshadowgraphsfortheinletwith
largeexte~ compressionat a Machnumberof3.30snddifferentvalues
Of e2 andat a Machnuder
figures39(e)and~(h) show

of 2.75 ad et = 30.5°. Forcomparison
shockconfigurationsforinletsdesigned
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forlowexternalcmupresslonandhavingsupersonicorsubsonicflowat
theentrance.Figure39(a)correspondstoa~owll~positionpar~ter
of 28.9°sad= msximumpremmrerecqveryof0.49.Figure39(b)corre-
spondstoa cowl~positionparameter.of. 30° anda msxtmzm~essure
recove~of0.%. Figure39(c)correspondstoa cowl-positioni pmmster of30.3°anda pressurerecoveryof O.A. l?romananalysis
ofthethreephotographsit canbe seenthattheccmq?ressionismore
nesrlyisentropicinfigure3g(a);however,thepressmerecovery,
becauseofthepresenceoftheboudaryIayerjis.lessthanthemaximum
valueo%tainedwhensupersoniccompression9CCWSallinfrontofthe
seconddeviationonthecentralbody. Alltheresultsofthesetests
showtluitthephenmenaintheIJoundarylayerexeoffundamentalimpor-
tanceinthedesi~ ofsuperso~cdiffusers.

‘lTheformationoflambdashockseemsto ticreasethevalue ofthe
pressurerecoveryiftheseparationfollowingtheshockissmall.When
theM&da shockisfollowedby largese~ationandthewekefillsa
largepertoftheentrenceregion,thepressurerecoverydecreases.

Theloundary-layerseparationisQISOrelated to thefluctuation
ofthesubsoticstream.~se fluctuationsarevery@_wtant fromthe
pofntofviewofstabilitybecausea shockofsomestrengthisrequired
inordertohavestability.Thisshocklimlts”thevalueofthemaximum
pressurerecoverythatcanbe obtainedfara givenlfachnuuiber.

.,
Figure39(d)istheshadowgraphat.a&oh numberof2.75and

e~ = 30.50.Figure39(e)isa shadowgraphforcomparingtheflowcon-
figurationforau inlethavinga semitoneengleof22°,~,10° cowling,
ez

DB
= 31.4°,and —= 0.85,

%
anda pressurerecoveryof0.56,withthe

flowphenomeriaoffigures3g(a)to39(c).Figure39(3~.isa shadowgraph

ofan inletwith 8C= 20°, the4°,70cuwling,and — = 0.867fara
DL

Machnumberof3:30.ThepressurerecoveryiE”O.53.A shadowgraphfor
thesamecowlingandcentralbodycaibinationbut ez= 30° isshown
infigure39(8).Forthisconfigurationthepressurerecoveryis0.51
(fig.X2(c)).Tnffgures39(f)and39(g)thel@dxiashockis clearly
shown. Figure39(h)shpwsa shadowgraphat M= 2.T5 fortheinlet
havinga semitoneangleof22°,the4°,70cowling,

DQ = o ~ooo

%“
and ez= 32.9°.Thepressurerecoveryforthisconfigurationis0.67.

Fromtheanalysisoftheshadowgraphssometid$cationfor
explainingthephenomenaofvibrationcanbe oltained.Thevibra-
tionsoccuronlywhentheflowinthefnternalpertofthediffuseris
allsubsonic.Forthisconditionthedlsturtancesfromthesubsonic
pertcanbe transmittedupstream.Thevihrati& occurwhense~ation
existsat thesurfaceofthe
oftheinlet.Anyvsriaticm

coneprcducedby thestrongshockinflront
ofthepositionof”thepoi& ofseparation

t

i-

=.

—

—
—

-.
*–

P

—

r’



=.

‘>

NACARk!No.

changesthe
ofthewake
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positionofthe
attheentrance
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shockinfrontoftheinletandthedimension
ofthediffuser,and,therefore,themass

flowentertitheinlet.Toa veriationof-mass-flowthere-ccmresponds
a variation~fbaokpressw?eat theendofthediffuserwhichistrans-
mittedupstreemandthusproducesa vibration.me inte~ityofthe
vibrationseems“todependupontheintensityoftheseparationanddoes
notexistiftheseparationisverysmall.Thevibrationsseemtobe
reducedifthepositionofthepointatwhichtheseparationbeginsis
fixedby thegeometricalconstructionoftheinlet.

CONCLUSIONS

T!romthesms.lysisoftheaerodynamiccriteriaofthedesignof
supersonicinletsandfrm theamalysisofthee~erh.entalresults,the
followingconclusionsCanbe obtained:

The inlets tiing external.comwessionpermita Iergerpressure
recoverythantheinletswithallinternalcompression.Forpractfca.1
problemsat lowMachnumbers(oftheorderof 1.4to 2.0)thesupersonic
compressioncanbe obtaineda12outsidetheinletwithouta large
increase in extemall drag. ForMachnumbersoftheorderofthreein
~actica ~ollems,the-imzm crosssectionofthebodywhichcontains
theimletcanle ofthesameorderofnmgnitudeas thecrosssectionof
thefre~treamtubeusedforthefiternalflow. h thiscasetheuse
ofallexternalcompressionproducesa verylargeincreaseof etirnal
dragandtheincreaseinefficiencyobtainedisnotjustifiedwhenthe
externaldragisconsidered.

A practicalsolutionrequiresa god comprmise%etweentheincrease
ofpressurerecoverysmdtheincreaseofetiernaldragdueto theexternal
compression.Whentheexternalcompressionisreducedsmdthefree
streamMachnumberislarge,to increasethepressurerecoveryit is
convenienttousea internalsupersonicdiffuser.Witha goodc@bina-
tionof externalad internalsupersoniccompression,pressurerecoveries
oftheorderofthoseobtainedusingverylargeexternalcompressionhave
beenobtained.Tnthiscase,thecorrespondingexternaldragisreduced
to a verysmallvalue. Forpracticalapplicationsit ispossibleto
designinletshamtngtheerternaldragrequiredby theproportionbetween
thecrosssectionofthefree-stresmtubecorrespondingto theinternal
flowandthemaximummoss sectionoftheImdyandat thesametimehaving
highpressurerecovery.

~ ordertoavoiddiscontinuitiesoftheaerodynsmicalproperties,
theinletsnmstbe designedwiththecriteriaofhavingsupersonicflow
fortherangeofsinglesofattacktobb”used. ,

Themaximumpossiblecontractionratiob orderto starttheinternal
supersonicdiffus~rhasbeen
givenbytheon-~ensional

foundto correspondpracticallyto thevalue
theory.

-
.
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Theincreaseofthevalueof.theinternalcontractionratiousing
variablegeometrydoesnotincreasethepressverecoverybecauseofthe

..

disturlsncesfromthesulsonicdiffuser.An increaseincontraction
ratiodoesnotcorrespondtoan increaseinprp8surerecoverybecause
theMachnumberatwhichtheflowinthedivergentdiffu~erpassesfrom

-.

su~ersonicto subsonicTkichnumbersisnotfixedby theMachnumberat
theminimumsection,butisfixedby stability”criterlai-AlSO forCOR ‘-
stant geometrytheshockoccursat somewhathi&hermch-nurtibersthanat .—
thethroat. :

Experimentalresultsshowthattheboundarylayer
ofthecentralbaiyhasa largeinfluenceonthevalue
recoverywhichcambe obtained.At highMachmuribers,
p?essionoccursalongthesurfaceofthecentralbody,
%e producedwhichreducesthegainexpectedby a lsxge
compression.

.._ -.
-—

.-.—
along thesurface
o.f the pressure
if a strongcm
a separationcan —
external

Whentheinternalmassflowisreducedsomewhatfromthemsximm
value possible for every configuration analyzed,instabilityphenomena
havebeenfoundintheflow. —

Thetestihaveshawnthatsupersbniofbw’canbe establishedinside - ?-_
theinletifthecontractionratioisfixedcofiideringthestarting- .
conditionsandiftheshapeofthechannelpermitsreflectionofthe
shockat thelipandfromthesurfaceofthecentralbody. .

Fora Machnuniberof 3.30 a pressurerecoveryof 0.57hasbeen
obtainedwitha configurationhayingverylowexternaldrag. Thisvalue
ishigherthanmy othervaluepreviouslyobtained.

.
At Machnumbersof 2.4said2.75mexhnumpressure recoveriesof O.@

and0.67 havebeenobtainedwiththeconfiguratimshavinglawexternal.
dragas comparedto O.~ and0.72to configurationshavingexternalcop
pressimnandhighexternaldrag. --

A qualitativeanalysisof shadowgraphpic@restakenduringthe
testsshowsthatthetiagoftheinletstested.”forsupersonic entr’knee
flowissmall.

—
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different Mach numbers.
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(a)0°,2°cowling; DB /DL = 0.733;e~ =25°.
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Figure 19.- Continued.

0 Supersonic entrunc e flow

n tikmonic en 7h7nce f/ow

Cowling pmifion poramefe~ 0=, de~

(e) 7°, 10°cowling;

A.,

D@L = 0.832; @c= 25°.

19.- Continued.

u
W



—. -.

.9

.4

0 3upersonicen fronce 770 w

❑ .XAsank e~france flow

cow/;n@ /DOS;f;On /CWOZf7#~< @@, d6g

!1

(f) 70,10° cowling; DB/DL = 0.8EQ; Oc = 25°,

Figure 19. - Concluded.

w tibsonk en 7rwnc e f/ow

*

—-zc
*.”*”. .

.1

M

Iz.+5
.@l--

7 38 39 40 41 42 &
Cod~ng po sifion poramefer,” “ek deg~ – “-

1

(a) @’, 2° cowling; .DB mL = 0.’767; Oc = 30°.

-20. - PreSS”iIre recovery as a function of the

YM#@iiEw-’rfOr‘=’”at

.

m
o

E
ii
gl
.

ii
w



, , ,

T
T

a
e.

Q

6$—

? 4(9 4/ 42-

(b) 0°, 2° cowling; DB/DL = 0.800; Oc = 31°.

~e~.- co~l~ed.

9C
o CWpersonic en +runc e flow

I ❑ Subsomc eo tranc e f70w I

(a) 4°, 70cowlfng;DB /DL = 0.7N: Oc “ 30°.

Figure 21.- Pressure recovery as a function of the
cowUng position parameter for & = 3@ at

/ .

dffferentMachnumbers. -

.

/



‘P--
I

o .Supec500;c entrun c e fi’ow

Cow/iogposifionporakefe r.“@&,deg.

(b) 4°, 7° COWkklWDB/DL = 0.767; Oc = ~“.

Figure21.- Continued.

.9,

(C) 4°, P cowling; DB/DL = 0.8M.

~e 21-- cOncltid.

,), . la, .



. , . ,

.

.9
0 Super-adc en franc e fibv

B

3
-39 @ 4) 42 43 44 4s

cOw//ng posifiofl poroR)’eti. @*) d%?

(a) ~, I@ cowling; DB/DL=0.’719;13C= 3d.

Figure 22.- I?reesurerecoveryas a functionofthe
cowlingpositionparameter for 19c= 36 at
dfferent Mach numbers.

.-

1 Q dupera”o~jc en?’ran c e ,JVow

?

❑ Subsonicenfronce f/ow

EP-

%%c
I

6

=z$$=

‘“40 # “ 42 43 44 45 46
Gow//hgpasifion p2raAw??i5 & de.ty

(b)~, 10°IXIwm; DB/DL = 0.752;OC= W“.

Figure22.- Continued.



9 9
0 Jwpersanic e~f<on c e ?’%Iw

n ~u.hsooir en fmnce $/ow # #

. .

.4

2

’37 38 39 40 4/ 42 43
CowlingposITJOopffrq mde ~ @&, dep

I B Subsomc eni%mce f. ~ I

(c ) 7°, 10° cowling; DB/DL = 0.784; Oc = 33°.. Figure 29.- Pressure recovery ss a function of the
cowling position parameter for the inlet with large

Figure 22. - Concluded. external compression at different Mach numbers.

1;,,, , ,,:

.

I ,.



. ,

0 5uper.sonic en frunce fhw 4/4

— .719 -

/ ~ — — .7s?

,/’ “’” ,
—–--.ia+
—-— .W7

- ‘%
—--— .850—

,/

{

.-Q -- ----- __
/0 -i >

/

(
/ “ -Y

)

v

- “20 22 a a 2s 30 32 .30

Cone semi. angle, @c, deg.
m .?2 29 z% Z8 ~ 32

Cone semi- cmgle, Q, deg.

(a) 4°, F cowllng.
.

Figure 24. - Highest pressure recovery obtah@ as a

(b) 7°, 10°cowling.

igure 24.- Concluded,
- function of the cone semi-angle for various central

body diameter parameters for M = 3.30,

I 1



.-

.62

,otiperson;c enjrdnce fhw 4/4

.

.78 — .733
— — .767
---– .800
—–— ,83+

.74 ‘-— .867

q

1

SW

t!
‘d6 “

-1b
---- -

F
w ,/”- % “cl
< .
3
0.82(e) ~-
t
Q.

,.58.4

.54 -

I

50
20 5? B 26 26 .30 32

cone semi- angle. G, +.

(a) 4°, P cowliug.

Figure 25.- Highest pressure recovery obtained as
a function of the cone semi-anglk for various
centxal body diameter parameters for M = 2.75.

1 ‘ ‘

-’m I
/- -.

\

--+

\
‘.

b

++
.50
Zo Zz z+ .% @ 30 .

cone semi- angle, Q-, deg.

(b) 7°, 10°Cowfim.

~Wre 25.- Continued.

i;

,,, ,,:, ,,



.

—-
CW-Ie a emi- angle, 0= , deg.

(c) 40,7° cowling. (d) 7°, 10° COW@.

Figure 25. - Contlimed. ‘%Ei’i gure 25. - Concluded.
5’



.—

.

0 Super.50nic em+unc e fhI@ Q /.5,

.68 — .733
— — .7&7
‘––- $00
—.— m4

{A4

t
-m

?’
$

u .76
P

g
n .72

(

.64

‘kd
.2a 22 24 ZG Z8 ~ 32

Cone semi-cmgle, S’=, deg.

(a) 4°, P cowlhg.

Figure 26. - Highest pressure recovery obtained as
a function of the cone sem.i—aug~
central body dianeter parameters for M = 2.45.

,. .

92

Come semi -angle , &-, dq.

(b) 7°, 10° cowling.

Figure 26. - Continued.
,!



.’
. .

1

.92
1

Cone semi- cvngle, e=, deg.

(c) 4“, 7° cowling.

Figure26.- Continued.

1

I–—Y2
—--.76+
—-— ,817

,~ —— .

20 Z2 24 ZG .28 30 ;
Ccme semi’-angle, f3c, de~

(d) 7°, 10° COWhl&

Figure26.- Conclud4.

.



.9‘
O @.per30nic .597Yrance fhw”

$ Q J4sonk enfrun ce flow
:,8
R
\

9u‘3.70 .72
Cemtrd hody c%mefet-pffrumtif er, Q-jDL

.—— .-—

Figure27.- Highestpressurerecove~ obtainedasafunctionofthe
central-bodydiameterratioforM =3.30.(Themaximum
pressurerecoveryobtainedatM =2.75-tidM =2.45forthe
samecowlingpositionparametersrealsoshown.)

.

.

—

*

.

Figure27.- Continued.



.

. ‘“m 72 .7+ ,76 .78 .&o .82 .84 .86 .88
C@tim]body dimefer @mm efer,D*/D~

.

.9

,-+
1

.3
.

Figure27.- Continued.

(d! ~=30” ;+;7“cow/Ibg I

.70 ,7Z .7+ .76 .84 ,86 .&

,i.re-uded.

71



72

.9

,+

I I (i) @G”ZOO;7; O-cowling
.1 I -=&$=

.37; I I I I
.72 .74 .76 .78 m .iz .8+ ,86 .88

Cenfro?bodqdiame+er.puromeh r,D6/DL

Figure28.- Highestpressurerecoveryobtainedas a functionof the
central-bodydiameterratiofor M= 3.30, (Themaximum
pressurerecoveryobtainedat M= 2.75 and M=2.45 for the
samecowlingpositionpgwameterare alSQshown,)

,9

I I o %perionic eniinc e f/ow ‘

.8

.3,n .7Z .7+

/w
245

--5=
.8+ - .86 .88

leter,D= /l

.

.

.

●

.

FQure28.- Continued,



NACARM NO● ~3 73

.

.

4m .72 .7+ .76 .76 .80 .82 .8f .8G .m
CentrolAx@ diameferpiwumefer,DB/DL

Figure28.- Continued.
.

.

.

$

.3

0 SUpenorvc en franc e f/o w .

a Subsonic em%-unce flow

II~

el=eaw

E

G“

(d) &~.BO”> TIO: COW~lh

n .72 .7% .86 .88

—

Figure28.- Concluded.



74

Figure29.- Highestpressurerecovegobfiedasaf~-ctionofthe
centl*al-bodydiameterratioforM = 2.75.(Themaximum
pressurerecoveryobtainedatM =3.30Snd 2.45forthesame
cowlingpositionparameterarealsoshown.).
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Figure31.- HighestpressurerecoveryobJ!UUE%%%n of the
central-bodydiameterratiofor M= 2.45. (Themzud.mum
pressurerecoveryobtainedat M= 3.30 snd M=2.75 for the
samecowlingpositionparameterare also shown.)
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(a) 0~ s 31°. (b) ee = 31°. (c) Oe = 34.10. (d) 8e = 35.4°.

(e) ~e = 35,9°, (f) ee = 35.9’3. (g) Oe = 36.6°. - (h) Oe = 36.6°.

Figure W3.- Shadowgraphs of inlet configuration for Oc = 25°, the 7°, 10° cowling amd DB/DL = 0.817
for different valueq of Oe for M = 3.X). (The correqxmding values of pressure recove~ are
qiveninfig.19(d).)
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(a) Oe = 27.2°. (b) $ = 27.9°. (C) tle = 28.4°.

(d) 0~= 28.9°. (e) Be = 29.4°. (f) Oe = 29.9°,

Figure 37. - Shadowgraphs of inlet configuration for 8C = 23°, the 7°, 10° COWLIWand DB/DL -0.817
for different values of Be for M = 2.75. (The corresponding values of pressure reco~ery are
given in fig. 13(b). )
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(a) ea = 32.5°. (b) e~ - 36.70. (c) ee = 35.70.

(d) L9e= 34.4°. (e) @e = 35.1°. (f) ee = 35.1’3.

Figure 38.- Shadowgraphs of inlet COfigIWatiOnfOr Oc = 22°, the 70, 10° cowling and DB /DL = ().752

for clifferent values of Oe for M = 2.45. (The correqxmdhg values of pressure recovery are

given in fig. l~b).)
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(a) Be = 28.9°;

M E 3.EII.

‘lb) Be = 32°; (c) ee = 33.30;
M = 3.31. M = 3.3).

inlet with large external compression

(d) L9e= KL50;

M = 2.75.

(e) % = 31.4°;

M = S.31;
ec = 220;

7°, 10° cowling.

(f) ee = 31.40; (g) Oe = XP;

M’= 3.3; M = 3.33;
l% = Z30; ec . 200;
40, F’ cowling. 40, 70 cowling.

(h) Oe = 32.9°;

M = 3.S;
ec= 220;

70,10°cowling,

M = 3.33 and M-= 2.75.
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